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Abstract. Dwarf galaxies are dominated by dark matter even
in the innermost regions and, therefore, provide excellent
probes for the investigation of dark halos. To that purpose, we
analyse ROSAT PSPC-data of the dwarf galaxy NGC 247. We
focus in particular on the diffuse X-ray emission in the 1/4 keV
band. Assuming an isothermal density profile, we find that the
mass of the hot emitting gas is about 108M⊙, corresponding
to . 0.5% of the total dynamical mass of the galaxy. The total
mass of NGC 247, as derived from the X-ray data agrees quite
well with the value obtained from the measured rotation curve
(Burlak 1996).
The X-ray profile in the 3/4 keV and 1.5 keV band shows
an excess at a radial distance of about 15 arcmin from the cen-
ter. Such a “hump” in the radial X-ray profile can be explained
by the presence of a cluster of young low mass stars or brown
dwarfs. Therefore, NGC 247 offers the possibility to observe
the formation of a halo of MACHOs.
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1. Introduction
Dwarf galaxies (hereafter DGs) differ from normal spiral
galaxies in many of their properties. While the rotation curves
of spirals tend to be flat after the central rising, rotation curves
of DGs continue to rise out to the last measured point, although,
recently in DDO 154 it has been observed that the rotation
curve is declining in the outer parts (Carignan & Purton 1998).
Moreover, DGs tend to have a disk gas content (measured
through the 21 cm line) higher with respect to that of spirals. In
fact, within the radius D25/2, defined to be the radius at which
the surface brightness reaches 25m arcsec−2, the ratio between
the mass of the gas Mg and the mass of the visible stars M∗
is Mg/M∗ ≃ 0.45 and tends to increase to Mg/M∗ ≃ 0.7 at
the radius LPHI of the last HI profile point (Burlak 1996). The
contribution of the dark matter Md in DGs within 3r0 (r0 be-
ing the scale height of the stellar disk as obtained from surface
photometry) is on average 65% of the total mass Mt, which is
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nearly a factor two greater than for normal spiral galaxies. It is
interesting to note that among the 13 DGs analysed by Burlak
(1996), the 8 DGs dimmer than MB = −17m have on aver-
age Md/Mt ≃ 0.7 and Md/M∗ ≃ 3.9 while the 5 DGs with
absolute magnitude in the range −17m > MB > −18m have
Md/Mt ≃ 0.56 and Md/M∗ ≃ 1.5. For comparison, we note
that in the case of normal spiral galaxies Md/Mt ≃ 0.38 and
Md/M∗ ≃ 0.76.
Although observations of dwarf galaxies are rather difficult,
we can learn a lot from them. Dwarf galaxies are the most pre-
ferred objects for studies of the distribution of the dark matter,
since the dynamical contribution of their dark halos dominates
even in their central regions.
DGs have been already precious objects, since they allowed
to show that their dark matter constituent cannot be hot dark
matter (neutrinos) (Tremaine & Gunn 1979, Faber & Lin 1983,
Gerhard & Spergel 1992). DGs put also constraints on cold
dark matter candidates (WIMPs). Recent studies seem to point
out that there is a discrepancy between the computed (through
N-body simulations) rotation curves for dwarf galaxies assum-
ing an halo of cold dark matter and the measured curves (Moore
1994, Navarro et al. 1996, Burkert & Silk 1997). Since DGs are
completely dominated by dark matter on scales larger than a
few kiloparsecs (Carignan & Freeman 1988), one can use them
to investigate the inner structure of DG dark halos with very
little ambiguity about the contribution from the luminous mat-
ter and the resulting uncertainties in the disk mass/luminosity
ratio (M/L). Only about a dozen rotation curves of dwarf galax-
ies have been measured, nevertheless a trend clearly emerges:
the rotational velocities rise over most of the observed region,
which spans several times the optical scale lengths, but still lies
within the core radius of the mass distribution. Rotation curves
of dwarf galaxies are, therefore, well described by an isother-
mal density law.
The diffuse X-ray emission has not yet been analysed
for many DGs. Such observations yield important information
about the dynamical mass distribution in elliptical galaxies. It
is, therefore, natural to investigate if also DGs have a diffuse
X-ray emission and if it can give us useful informations about
their total mass. Of course, we are aware that this is a diffi-
cult task. Beside a proper treatment of the observational back-
ground, we must be able to disentangle the X-ray emission due
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to the hot halo gas from the contribution of point sources like
low mass X-ray binaries or supernova remnants, which is de-
manding even for high mass ellipticals. In DGs the problem
is even more severe, since we expect a weaker diffuse X-ray
emission due to the less deep gravitational potential as com-
pared to that of elliptical galaxies. This implies a lower diffuse
gas temperature Tg and, therefore, less emission in the X-ray
band.
Five DGs have been observed in the 0.11 − 2.04 keV
band with the ROSAT PSPC. Among them, we analysed the
three members of the Sculptor group NGC 247, NGC 300 and
NGC 55. In this paper we present our results for NGC 247, for
which we have the best data.
Unfortunately NGC 247 is not the best example of a dwarf
galaxy. It has a huge gaseous disk and the dark matter begins to
dominate over the stellar and gaseous disk only beyond 8 kpc
(see Fig. 1 in Burlak 1996). However, its halo parameters seem
to be typical for the whole class (Burlak 1996). In particular,
the ratio between the halo mass and the total mass within the
last measured HI profile point could be as high as Mh/Mt ≃
0.7, which is significantly above the value for spiral galaxies.
The paper is organised as follows: In Sects. 2 and 3 we
discuss the data analysis procedure and the model assumptions.
In Sect. 4 the results of the spectral analysis are shown, while
in Sect. 5 we determine the mass of the X-ray emitting gas and
the dynamical mass of NGC 247. We close the paper with our
conclusions in Sect. 6.
2. Data Analysis
The data analysis is based upon the standard model for DGs
of Burlak (1996), which includes three components: a stellar
disk, a gaseous disk and a dark halo. In addition, we consider a
fourth component, the hot diffuse gas, which turns out to be not
very important with respect to the total mass, but is relevant in
our analysis, since it is the source of the diffuse X-ray emission.
This component is assumed to form a halo around the galactic
center, which can be described by a β-model (Canizares et al.
1987) with central density ρ◦ and core radius ag different from
the corresponding values of the dark halo hence,
ρhg = ρ◦
(
1 +
(
r
ag
)2)− 32β
. (1)
The X-ray analysis does only depend on the model of the
hot emitting gas. We will, therefore, not make any further as-
sumptions about the remaining components. The hot, diffuse
gas component is taken to be in hydrostatic equilibrium. For
spherical symmetry the dynamical mass M(r) within r is then
given by
M(r) = −kThg(r)r
µmpG
(
d log ρhg(r)
d log r
+
d logThg(r)
d log r
)
, (2)
where Thg denotes the hot gas temperature, ρhg its density,mp
the proton mass and µ the mean atomic weight.
Parameter Value
Distance 2.53 Mpc
LPHI 11.2 kpc
D25/2 7.87 kpc (10.69 arcmin)
Column density (nH) 1.5× 1020HI cm−2
Table 1. Adopted values for the dwarf galaxy NGC 247.
D25/2 is the radius at which the surface brightness reaches
25m arcsec−2, LPHI is the radius of the last measured HI pro-
file point (Carignan & Puche 1990). The column density is
taken from Fabbiano et al.(1992).
For the data analysis and reduction we follow the method
proposed by Snowden & Pietsch (1995) using Snowden’s soft-
ware package especially written for the analysis of ROSAT
PSPC data of extended objects and the diffuse X-ray back-
ground (Snowden & Pietsch 1995, Snowden et al. 1994). The
package includes routines to exposure and vignetting correct
images, as well as to model and subtract to the greatest possi-
ble extent the non-cosmic background components.
For extended sources, the background can vary signifi-
cantly over the region of interest, requiring an independent as-
sessment of its distribution over the detector. Since the non-
cosmic background is distributed differently across the detec-
tor than the cosmic background, the first has to be subtracted
separately. Five different contamination components have been
identified in the non-cosmic background of PSPC observations.
For a detailed discussion we refer to Snowden et al. (1994).
3. Observations of NGC 247
The dwarf galaxy NGC 247 is the one for which we have the
best data. The ROSAT data archive contains two observations
of NGC 247. The first observation was done from December
21st, 1991 to January 6th, 1992 with an observation time of
18240 s and the second from June 11th to 13th, 1992 with an
observation time of 13970 s. After exclusion of the bad time in-
tervals (∼ 25% of the observation time), the non-cosmic back-
ground was subtracted following Snowden et al. (1994). The
cleaned data sets were then merged into a single one in order to
increase photon count statistics. The data were then binned into
concentric rings such that four rings lie within D25/2. There-
fore, the thickness∆R of each ring corresponds to 2.67 arcmin.
Obviously, the binning is a compromise between radial resolu-
tion and statistical errors.
3.1. Point source Detection
Since we are interested in the diffuse X-ray emission, we must
eliminate all contributions due to foreground Galactic X-ray
sources, and from discrete X-ray sources associated with NGC
247. We follow again the procedure outlined by Snowden &
Pietsch (1995) to remove the point sources to the faintest pos-
sible flux limit to minimize the excess fluctuations caused by
them. The threshold limit we used is given in Table 2 . We car-
ried out the point source detection separately for the 1/4 keV
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Band Threshold (cts s−1) Excluded Area σ
1/4 keV 0.005 13.41% 2.93
0.5-2 keV 0.0035 12.92% 2.95
Table 2. Percentage of the excluded area within 25 arcmin due
to point source removal.
band and for the 0.5-2 keV band. The threshold limit guaran-
tees that less than one spurious source will remain within the
inner part of the field of view (25 arcmin) at a confidence level
of about 3σ.
3.2. The cleaned X-ray images
Figure 1 shows the X-ray brightness radial profiles of NGC 247
after point source removal for the 1/4 keV, 3/4 keV and the
1.5 keV band. The horizontal lines, defined by the average X-
ray surface brightness between the 7th and the 12th ring, rep-
resent the sum of foreground and (cosmic) background diffuse
X-ray emission. The X-ray image in the 1.5 keV band shows
clearly that the emission originates from the disk of NGC 247,
which extends to about 11 arcmin. We used elliptical rings for
the 1.5 keV band, with an inclination angle of 75.40 and a po-
sition angle of 171.10 as derived in Carignan & Puche (1990).
The distribution of the X-ray emission in the 3/4 keV band is
less clearly associated with the disk. The radial profile of the
1/4 keV band is flat from the centre up to 30 arcmin. The count-
rate fluctuations are partly due to the brightest undetected point
sources.
Since there exists an unresolved flux originating beyond
NGC 247 and the HI column density of NGC 247 is sufficiently
high over most of its inner region to absorb a significant frac-
tion of this flux, any emission from NGC 247 must at least ‘fill’
the deficit caused by the absorbed flux in order to be observed
as an enhancement. Thus, even the flat distribution of the X-
ray brightness profile of NGC 247 is already a clear indication
for an emission from the galaxy. Hence, we must correct the
surface brightness of the image for the absorption of the extra-
galactic flux.
Moreover, the increasing size of the HI column density to-
wards the centre reduces the point-source detection sensitivity,
and thus more undetected X-ray sources contribute to the back-
ground.
The contribution of undetected sources of the extragalactic
background can be calculated using the logN − logS relation
N(S) =
{
(285.3± 24.6) S−(2.72±0.27) if S ≥ 2.66
(116± 10) S−(1.80±0.08) otherwise (3)
as derived from a deep ROSAT survey by Hasinger et
al. (1993). S denotes the flux in units of 10−14 erg cm−2s−1.
The energy spectrum of sources with fluxes in the range (0.25−
4)× 10−14 erg cm−2s−1 is given by
(7.8± 0.3) E−(0.96±0.11) [keV cm−2s−1sr−1keV−1] , (4)
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Fig. 1. X-ray brightness radial profiles of NGC 247 after point
source removal for the 1/4 keV band (top), the 3/4 keV band
(bottom) and the 1.5 keV band (middle). The horizontal lines
shows the average intensity between the 7th and the 12th an-
nulus.
where E is the energy in keV. Since the absolute normalization
for the logN − logS relation is still uncertain, we will use it in
a way such that only the ratio is relevant.
The remaining count-rate Iieg of extragalactic sources, due
to sources having fluxes below the flux detection limit Silim (see
below) is given by
Iieg = I
i
egobs
∫ Si
lim
0
S N(S)dS∫ 4
0.25 S N(S)dS
, (5)
where Iiegobs is the observed extragalactic count-rate in the
ith ring of sources with a flux in the range (0.25 − 4) ×
10−14 erg cm−2s−1. Iiegobs in units of counts s−1arcmin−2
is given by
Iiegobs =
1
Ai
(
2pi
360× 60
)2 ∫
Ai
fn(nHI(x)) dAi (6)
with Ai the surface of the ith ring and
fn(nHI(x)) =
∫ ∞
0
e−nHI (x)σ(E)Aneff(E) 7.8 E
−1.96dE
(7)
is the observed extragalactic count-rate at position x in the
n−band, where n labels the 1/4 keV, 3/4 keV and 1.5 keV
band, respectively. The column density nHI includes both the
column density of the Milky Way (1.5 × 1020 HI cm−2 (Fab-
biano et al. 1992)) and the column density of NGC 247 at po-
sition x, as calculated from Carignan & Puche (1990). The
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annulus i IiMW (1/4) IiMW (3/4) Iobs (1.5)
1 2391± 1219 338± 78.0 251± 62.6
2 1600 ± 736 78.1 ± 38.6 85.5± 26.5
3 1189 ± 548 70.6 ± 28.4 58.0± 19.9
4 1278 ± 480 35.8 ± 24.1 −2.2± 14.0
5 775± 430 −5.3± 20.8 5.3± 12.5
6 108± 100 11.0 ± 19.7 19.1± 11.9
Table 3. Average 1/4 keV and 3/4 keV diffuse emission after
correction for the absorption of the more distant extragalactic
flux in units of 10−6counts s−1arcmin−2. Since the absorption
correction in the 1.5 keV band is negligible the average 1.5 keV
emission is not corrected but only background subtracted.
source detection limit IThreshold of our analysis (see Table 2)
is then given via the relation
IThreshold = c
i
∫
Ai
fn(nHI(x)) dAi (8)
in units of counts s−1. The flux detection limit Silim in keV is
Silim = c
i
∫ 2
0.5
7.8 E−0.96dE . (9)
Hence, using Eqs. (8) and (9) we get
Silim = 1.602× 105
Ai IThreshold
∫ 2
0.5
7.8 E−0.96dE∫
Ai
fn(nHI(x)) dAi
(10)
in units of 10−14 erg cm−2s−1. The extragalactic background
and Milky Way corrected count-rate IiMW in the ith ring is now
given by
IiMW =
(Iiobs + I
i
eg)− (IBaseobs + IBaseeg )
τf
, (11)
where the base values, defined by the outermost rings (7− 12),
are treated correspondingly. τf is the band averaged absorp-
tion coefficient of our own Galaxy computed using a Raymond-
Smith emission model (Raymond & Smith 1977) and a column
density of 1.5× 1020 HI cm−2. We assume that the halo emis-
sion is not absorbed by the disk material of NGC 247.
A detailed error calculation should include the uncertain-
ties of the foreground column density, the column density of
NGC 247, the logN − logS relation, the extragalactic source
spectrum, the Raymond-Smith model, including the uncer-
tainty in the temperature and the response matrix. Since this
calculation is in principle possible but sophisticated, we adopt
the formal error to be two times the count-rate uncertainty
hence, ∆IiMW = 2×∆Iiobs /τf .
The corresponding radial profiles for the 1/4 keV and the
3/4 keV band are shown in Fig. 2 and the values are given in Ta-
ble 3. For the 1.5 keV band the absorption due to gas associated
with NGC 247 is negligible. Adopting the values given in Ta-
ble 1 the X-ray luminosity corresponding to the observed count
rates in the different bands amounts to LX = 1.1× 1039 erg/s,
LX = 4.8 × 1038 erg/s and LX = 2.3 × 1038 erg/s in the
1/4 keV, 3/4 keV and 1.5 keV band, respectively.
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Fig. 2. Corrected count-rate in the 1/4 keV band and the
3/4 keV band. For the 1/4 keV band the best fit for β = 2/3
is superimposed.
4. Spectral Analysis
The ratio of the count rates in the different energy bands con-
tains information about the temperature of the emitting gas. As-
suming a Raymond-Smith spectral model (Raymond & Smith
1977) with cosmic abundances (Allen 1973), the observed ra-
tio as derived from the count rates (Eq. (11)) must equal the
theoretical count rate ratio given by:
η =
∫∞
0 A
n
effR(E, T )
1
E
dE∫∞
0 A
n′
effR(E, T )
1
E
dE
. (12)
For the emission below 3/4 keV we obtain logT = 6.1+0.1−0.1.
The higher energy band is not included in the fit since its emis-
sion is dominated by the contribution from the disk.
The temperature obtained from the X-ray data tends to be
too large due to the flux from the hotter plasma associated with
the disk. The formal error is expected to be too small since at
a temperature of logT = 6.1 most of the emission lies outside
the ROSAT bands hence, the spectral fit has to be done using
only the tail of the emission function.
Alternatively, we can use the rotation curve of NGC 247
(Burlak 1996) to obtain the temperature at the last measured
HI profile point (11.2 kpc). Doing this we obtain logT = 5.6,
which is in reasonable agreement with the above value deduced
from X-ray data. Both values have their own merits. Using
the higher value logT = 6.1 allows to determine –within the
model– the total mass and the mass of the hot gas using only
X-ray data, thereby we independently check the total mass as
obtained from the rotation curve. However, the error of the re-
sult is quite large. Using the lower value logT = 5.6, obtained
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from the measured rotation curve, we mix the two methods
and thus we can no longer compare with the HI-measurements,
but the error is possibly smaller. We will give in the following
all results for both temperatures logT = 5.6 and, in brackets,
logT = 6.1.
5. Mass Determination
5.1. The Hot Emitting Gas
Most of the flux originating from NGC 247 is observed in
the 1/4 keV band. We determine the mass of the emitting hot
gas making the following assumptions: the gas temperature is
about logT = 5.6 (logT = 6.1); the spectral emissivity is
given by a Raymond-Smith model and the density profile is
described by a β-model (see Sect. 2) with central gas density
ρ◦ and core radius ag . Due to the small amount of data, we
reduce the degrees of freedom by fixing β. The measured ra-
dial profile in the 1/4 keV band can then be used to determine
the remaining two parameters ρ◦ and ag. With these values we
determine the integrated gas mass within the last measured HI
profile point (r = 11.2 kpc). The results for three different val-
ues of β are given in Table 4.
Read et al. (1997) have analysed a sample of 17 nearby
galaxies among them NGC 247. They found a hot gas mass
in NGC 247 of only 3.1 × 106√ηM⊙ with η the filling fac-
tor, which is nearly two order of magnitudes below the average
value of their sample. Beside the different analysis technique,
we believe that the main reason for the large discrepancy be-
tween their and our result is due to the different treatement of
the internal absorption in NGC 247.
5.2. The Gravitating Mass
The observed photons originate from a hot gas at a tempera-
ture of ≈ 105 − 106 K as it cools due to Bremsstrahlung, and
especially in the lower temperature range more important, due
to line cooling. The amount of hot gas in a DG is not large
enough to have a cooling time comparable with a Hubble time,
in fact for NGC 247 we expect a cooling time of about 5× 108
years (Read et al. 1997). Therefore, the gas must have been re-
heated either by heat sources, or e.g. by adiabatic compression
as the result of a flow through the galaxy’s potential. Obviously,
both effects can combine. The main heat sources for the gas
are supernovae. However, the heating and cooling rates for the
gas do not balance at every radius. Since the cooling rate per
ion is proportional to the local electron density, cooling will
generally dominate over heating at small radii, where the den-
sity is high. Thus, the gas in the central regions will steadily
cool and flow into the centre of the galaxy, where it presum-
ably forms gas clouds and stars. However, the flow velocity
is usually much less than the sound speed, such that approxi-
mately hydrostatic equilibrium is maintained in the gas (Binney
& Tremaine 1987).
Assuming an ideal gas in hydrostatic equilibrium, the total
mass M(r) within the radius r is given by Eq. (2). Using the
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Fig. 3. Profile of the integrated total mass of NGC 247 (full
lines) between 7 and 12.2 kpc for both logT = 5.6 and
logT = 6.1 adopting β = 2/3. The dotted lines show the
variation of the total mass due to a 1σ error in the core-radius
ag . The dashed lines show the profile of the integrated hot gas
mass. The three points show the total mass from Table 3 of
Burlak (1996).
values for the parameters ρ◦ and ag from Table 4, we can calcu-
late the total mass of NGC 247 within r = 11.2 kpc. The results
are given in Table 4. Figure 3 shows the profile of the integrated
total mass for β = 2/3 (full lines). The dotted lines give the
variation due to a 1σ error in ag . The three points are the values
taken from Table 3 of Burlak (1996). At r = 11.2 kpc he finds
M = 3.1 × 1010M⊙, where we refer to his dark halo model.
We see, that given the uncertainties in the data, the agreement
is still reasonable within a factor of two.
6. Discussion and conclusions
We determined the mass of the hot emitting gas and the total
mass of the dwarf galaxy NGC 247 using ROSAT PSPC data.
From the X-ray data we obtain Mhg = 0.7 × 108M⊙ for the
hot gas mass and M = 7.5×1010M⊙ for the total mass adopt-
ing β = 2/3, which seems to be favoured by the measured
rotation curve. Unlike, as suggested by the results published so
far, NGC 247 is not an exceptional object with a hot gas con-
tent about two orders of magnitude below the group average.
The result obtained in this analysis agrees well with what is
found for other Sculptor members. Although the quality of the
X-ray data is less good as compared to e.g. elliptical galaxies,
the mass determination agrees well with the value found by
independent methods. The relative amount of hot gas is com-
parable to what one finds in more massive galaxies (DePaolis et
al. 1995). For the mass to luminosity ratio as derived from the
X-ray data, we obtain log(LX/M) = 28.4 which agrees well
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ρ◦ [10
−4 M⊙/pc
3] ag [kpc] Mhg [10
8 M⊙] M [10
10 M⊙] χ
2
red
log T = 5.6
β = 1/2 1.4+0.9−0.5 2.6
+1.3
−1.0 1.6
+0.9
−0.7 1.9
+0.1
−0.1 2.43
β = 2/3 1.2+0.7−0.4 4.4
+2.2
−1.6 1.7
+1.1
−0.8 2.4
+0.2
−0.3 2.07
β = 1 1.0+0.5−0.4 7.1
+3.5
−2.7 1.8
+1.1
−1.0 2.9
+0.6
−0.8 1.74
log T = 6.1
β = 1/2 0.6+0.4−0.2 2.6
+1.3
−1.0 0.7
+0.4
−0.3 6.1
+0.2
−0.4 2.43
β = 2/3 0.5+0.3−0.2 4.4
+2.2
−1.6 0.7
+0.5
−0.4 7.5
+0.7
−1.0 2.07
β = 1 0.4+0.2−0.2 7.1
+3.5
−2.7 0.8
+0.5
−0.4 9.2
+2.0
−2.4 1.74
Table 4. The physical parameters of the hot diffuse gas and the total mass within 11.2 kpc for log T = 5.6 and log T = 6.1 and
several values of β. The errors for Mhg and M are mainly due to the error in the core radius ag .
with values found for other Sculptor members (Read & Pietsch
1998, Schlegel et al. 1997).
The hot emitting gas seems to form a halo around the galac-
tic center which is more concentrated towards the center than
the dark halo. In fact, we find a core radius of ag = 4.4 kpc
for the hot gas, whereas Puche & Carignan (1991) favour an
extended dark halo with a core radius of 24.2 kpc. Burlak’s
dark halo model (Burlak 1996) assumes a core radius of a =
6.9 kpc. The smaller core radius of the hot gas found by the
X-ray analysis could indeed indicate a flow of gas towards the
center.
As one can see in Fig. 1, the brightness profile of NGC 247
in the 3/4 keV and 1.5 keV band shows the presence of a
“hump” about 15 arcmin from the center. Similar observa-
tions are known from M 101 and M 83. If MACHOs are low-
mass stars or even brown dwarfs, we expect them to be X-ray
active (De Paolis et al., 1998) with an X-ray luminosity of
about 1027 − 1028 erg/s particularly during their early stages
(Neuha¨user & Comero´n, 1998). Using similar arguments as
in De Paolis et al. (1998), it can be shown that this “hump”
could be explained by the X-ray emission of dark clusters of
MACHOs, which could make up to half of the dark matter in
NGC 247. Therefore, NGC 247 might offer the unique possi-
bility to observe how a halo of MACHOs actually forms.
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